(two variable-region set and three constant-region set), a single hydrophobic, membrane-spanning domain, and a cytoplasmic domain of 59 residues. The overall structure is similar to that of the human tumor marker MUC 18 and the chicken neural adhesion molecule SC1. The extracellular domains and cytoplasmic domain contain consensus motifs for the binding of integrin and Src homology 3 domains, respectively, suggesting possible receptor and signal-transduction function. Immunostaining of human tissues demonstrated a wide distribution and provided evidence that the glycoprotein is under developmental control in liver and may also be regulated during differentiation in other tissues.
The immunoglobulin superfamily (IgSF) of proteins is the most abundant family of cell-surface molecules. Members of the family display a diverse array of functions, some serving as receptors but most serving as adhesion molecules (1) . IgSF members are found in the membrane of the mature human erythrocyte. The ubiquitous cell-surface glycoprotein CD47 was first identified on erythrocytes by using monoclonal antibodies (2) . CD47 contains an immunoglobulin domain and is identical to the ovarian carcinoma marker OA3 and the integrin-associated protein IAP (3, 4) . Antigens of the LW blood group system mark an erythrocyte glycoprotein that is a distinctive member of the family of intercellular adhesion molecules (5, 6) . In the present study we have used monoclonal antibodies to facilitate the characterization of the Lutheran blood group-active glycoprotein(s) and shown that it is another member of the IgSF.
Antibodies to Lutheran blood group antigens identify a pair of minor erythrocyte membrane Lutheran glycoproteins (Lu gps) with apparent molecular masses of 85 kDa and 78 kDa on immunoblots (7) (8) (9) . These components are composed of -15% by weight N-linked carbohydrate, have disulfide-bonded, globular, extracellular domains, and are of low abundance ("1500-4000 copies per cell; refs. 7 and 10).
We have isolated Lu gp, performed partial amino acid
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sequence analysis, and used this information to isolate and sequence cDNA from a human placental cDNA library.** Northern blotting and immunohistochemical staining demonstrate that the protein has wide tissue distribution. In particular, the glycoprotein is developmentally regulated in human liver and is closely associated with the basal layer of cells in epithelia and the endothelium of blood vessel walls.tt MATERIALS AND METHODS Antibodies. Mouse monoclonal anti-Lub, BRIC 108 (IgGl), was as described (7) . Monoclonal antibodies against Lu gp BRIC 221 (IgG2b) and BRIC 224 (IgGl) were made in mice, after immunization with human erythrocytes, essentially as described (12 (17) . Negative controls included sections incubated in the absence of primary antibody and in the presence of an irrelevant primary antibody. Immunoblotting of erythrocyte membranes and tissues was essentially as described (18, 19) . Human liver membranes (20) and human syncytiotrophoblast membranes (21) were prepared as described. Immune precipitation from cultured, simian virus 40-transformed human fetal liver cells (provided by P. Gallimore, Centre for Cancer Studies, University of Birmingham, U.K.) was as described (20 Chromosome Assignment of Lu gp Gene. PCR primers were designed from the 3' untranslated region of the Lutheran cDNA-the sense primer was 5'-TCCAGGGAATGTGA-CTCT (nt 2129), and the antisense primer was 5'-TCA-GACTCTGCAGCAAGACG (nt 2267). Genomic DNA from a panel of monochromosomal somatic cell hybrids (26) and from human and rodent controls was tested.
RESULTS AND DISCUSSION
Distribution of the Lu gp in Human Tissues Determined by Immunocytochemical Staining with Monoclonal Antibodies. Previous studies had indicated that expression of Lu gp in peripheral blood is confined to erythrocytes and that there is no expression on the hematopoietic cell lines K-562, HEL, HL-60, IM-9, or MOLT-4 (27) . Nevertheless, attempts to isolate Lu cDNA from human bone marrow or reticulocyte cDNA libraries were unsuccessful. Tissue distribution studies were therefore conducted by using monoclonal antibodies BRIC 108, BRIC 221, and BRIC 224 to determine whether Lu gp components were expressed at sites other than erythrocytes.
Human fetal liver was examined because this is a major site of hematopoiesis in human development. Extensive reactivity was observed throughout first-trimester liver. Interestingly, although hematopoietic nests displayed some reactivity, staining was particularly intense on early hepatic epithelial cells ( Fig. 1 a and c) . With advancing gestational age, intense reactivity was found in the hepatic vasculature (particularly on hepatic arteries in the second-trimester liver, in addition to epithelial and hematopoietic cells) (Fig. ld) . Staining was also present on hepatic arteries in the portal tracts of the adult liver ( Fig. 1 e andf) . In marked contrast to the developing hepatic epithelium, adult hepatocytes (Fig. le) and bile duct cells (Fig.  lf) showed little or no reactivity. These results suggest that Lu gp may be under developmental control in human liver.
Extensive anti-Lu gp reactivity was also observed in placental tissues. In full-term placentae the antibodies stained arteries within the cores of chorionic villi (Fig. lg) . Staining was also observed around chorionic villi, and this staining appeared to occur specifically at the junction between the mesenchymal villous core and the overlying syncytiotrophoblast epithelium (Fig. lh) . In the first trimester, chorionic villi contain a cytotrophoblast cell population located as a single layer between the villous core and the syncytium. Anti-Lu gp reactivity in first-trimester placentae was associated specifically with these cells (Fig. li) . In common with chorionic villi at term, staining was particularly marked between the trophoblast layer and the underlying mesenchyme (Fig. lj) , but in first-trimester placenta the apical aspect of some cytotrophoblast cells was also clearly reactive (Fig. lj) . Extensive reactivity was also observed throughout proliferating cells located at the base of some cytotrophoblast cell columns, although more distally located cytotrophoblast cells were negative (Fig. lk) .
The anti-Lu gp monoclonal antibodies showed intense reactivity with arterial walls in a variety of adult tissues, including tongue, trachea, esophagus, skin, cervix, ileum, colon, stomach, and gall bladder. Staining was also sometimes seen in the basement membrane region of superficial epithelia and around mucous glands. In the adult kidney staining was present on glomeruli and, more weakly, on tubular epithelial cells (Fig. 11) . In addition to developmental control in human liver, there is evidence that Lu gp may also be regulated during differentiation in placenta and in other tissues.
Lu gps-Immunochemical Characterization in Erythrocytes, Fetal Liver, and Syncytiotrophoblast Membranes. Monoclonal antibodies BRICs 108, 221, and 224 and rabbit antiserum against Lu gp bind on immunoblots to the 85-kDa and 78-kDa Lu gps in erythrocyte membranes (7) . The 85-kDa and 78-kDa gps are clearly closely related because the components share the three distinct, extracellular epitopes recognized by BRIC 108, BRIC 221, and BRIC 224 and those defined by several human alloantisera against Lutheran blood group antigens (7) (8) (9) . Rabbit antiserum against the cytoplasmic and/or transmembrane portions of erythrocyte Lu gp precipitated the 85-kDa Lu gp but did not precipitate the 78-kDa component from unsealed erythrocyte membranes (where the cytoplasmic face of the membrane was available for antibody binding). Neither component was precipitated from intact erythrocytes (data not shown). Erythrocyte membranes from two patients with paroxysmal nocturnal hemoglobinuria that have a general deficiency of glycosyl-phosphatidylinositolanchored proteins were tested by immunoblotting with BRIC 108 and/or BRIC 221 and monoclonal CD55 antibody, BRIC 230. Membranes from both patients had a gross deficiency in the glycosyl-phosphatidylinositol-anchored CD55 glycoprotein but normal expression of both the 85-kDa and 78-kDa Lu gp components (results not shown). These results suggest that the 78-kDa Lu gp differs from the 85-kDa Lu gp only in that it lacks a cytoplasmic domain of 7 kDa and that neither form is glycosyl-phosphatidylinositol-anchored. The two components may represent protein isoforms analogous to those of hema- topoietic CD44 glycoprotein (28, 29) , but the 78-kDa Lu gp might simply be a proteolytic fragment of the larger component.
Membranes were prepared from first-and second-trimester fetal liver and from adult liver. Aliquots containing equal quantities of protein were analyzed by immunoblotting using BRIC 221. Intense staining of only an 85-kDa component in first-and second-trimester fetal liver and markedly less staining of this component in adult liver were observed (results not shown). Taken together with the immunocytochemical staining data, these results strongly suggest developmental control in liver. An 85-kDa Lu gp was also found in an immune precipitate prepared by using BRIC 221 from simian virus 40-transformed, human fetal liver epithelial cells and in immunoblots of first-trimester and term syncytiotrophoblast membranes (results not shown).
Isolation and Sequencing of Lutheran cDNA from a Placental cDNA Library. Placental cDNA clone 11.2 contained an -2400-bp insert that was found, on sequence analysis, to have a single open reading frame and to terminate with a 3' untranslated region and poly(A) tail (Fig. 2) . The 5' noncoding sequence and initiation codon ATG were not present in clone 11.2 and were determined from human placental poly(A)+ mRNA using the 5' rapid analysis of cDNA end (RACE) technique. Examination of the deduced amino acid sequence revealed both the N-terminal sequence (Fig. 2, residues 1-35 ) and the internal peptide sequence (residues 152-172) derived from amino acid sequence analysis of Lu gp. Consistent with Proc. Natl. Acad. Sci. USA 92 (1995) *.
CCGGTCCTCAGCCGCACCCAGAACTTCACGCTGCTGGTCCAAGGCTCGCCAGAGCTAAAGACAGCGGAAATAGAGCCCAAGGCAGATGGCAGCTGGAGGGAAGGAGACGAAGTCACACTC 1435 3 (residues 232-326), 4 (residues 333-413), and 5 (residues 422-511) gave scores of >3.1 SD units against 20 (54%), 25 (68%), and 17 (46%) of the 37 known constant-region-2-set domains, respectively, and each of these Lu gp domains gave scores of >5.5 SD units with 3 known constant-region-2-set domains. The results clearly demonstrate IgSF relationships (33, 34) and suggest that the extracellular region of Lu gp contains two variable-region-set and three constant-region-2-set IgSF domains.
There are five potential N-glycosylation sites at asparagine residues 290, 346, 352, 388, and 408 (Fig. 2) . One of these sites (N290) lies within the third IgSF domain, and the remaining four are within the fourth domain. The third potential Nglycosylation site (N352-CS) encompasses the first conserved cysteine residue of the fourth domain. A similar site is glycosylated in rat CD4 (35) . The presence of several N-glycans on the Lu gp would be consistent with the presence of N-linked carbohydrate amounting to an apparent molecular mass of 12,000 on erythrocyte 85-kDa and 78-kDa Lu gps (7) . (36) . This molecule is also expressed on normal endothelial cells, smooth muscle, and cerebellum (37) . Chicken SC1 is involved in cell-cell interactions of neural tissue via homophilic adhesion (38) . Consensus integrin-binding motifs (1) (39) is present in the putative cytoplasmic domain (P557-PPGEP), suggesting possible involvement in intracellular-signalling pathways (39) . Clearly, the possible functional roles of Lu gp as an adhesion molecule that may be developmentally regulated in liver and involved in adhesion with basement membrane, endothelial cell interactions, hematopoiesis, and tumor biology merit further study.
Note Added in Proof. The sequence of an epithelial cancer antigen (B-CAM) has recently been published (40) . B-CAM is virtually identical to the Lu gp published here except that it lacks the major part of the predicted cytoplasmic domain of Lu gp.
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